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(54) Implantable heart stimulator 

(57) An implantable heart stimulator comprises a 
pulse generator (3) for delivering stimulation pulses to 
the heart of a patient. An IEGM means (5) registers elec- 
tric signals associated with the patient's heart. A classi- 
fier means (6) classifies received electric IEGM signals 
according to their waveforms in at least one segment of 
the cardiac cycle, and a control means (4) controls the 
pulse generator depending on the classification of the 



IEGM signals. A first filtering means is provided to ex- 
tract parameters related to the patient's respiration from 
beat-to-beat variability in the IEGM signal classification 
while filtering away slow classification variability extend- 
ing over several cardiac cycles. The control means is 
adapted to receive the respiration-related parameters to 
control the delivery of stimulation pulses from the pulse 
generator depending on these parameters. 
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Description 

Technical field 

[0001] The present invention relates to an implantable 
heart stimulator comprising a pulse generator for deliv- 
ering stimulation pulses to the heart of a patient, an 
IEGM means for registering electric signals associated 
with the patient's heart, a classifier means for classifying 
the received electric IEGM signals according to their 
waveforms in at least one segment of the cardiac cycle, 
and a control means for controlling said pulse generator 
depending on the classification of said IEGM signals. 

Background art 

[0002] It is previously known to sense a physiologic 
parameter of a patient, classify the parameter, and use 
the information obtained for diagnostic purpose or for 
the purpose of treating the. patient. Thus, US 5,645,575 
describes an implantable pacemaker, which senses a 
general physiologic parameter of the patient for use in 
determining the physical stress or workload of the pa- 
tient. The parameter is classified and the information ob- 
tained from this classification is used to control the stim- 
ulation rate/pulse interval of the pacemaker. The IEGM 
waveforms are not mentioned as the selected parame- 
terto be sensed. US 5,215,098 and 5,280,792 describe 
implantable devices, which sense IEGM signals and 
classify them. In the device according to US 5.280.792 
the classification results are used for adjusting the out- 
put of a cardioverter/defibrillator while the results of US 
5,215,098 are used for diagnostic purposes only. In US 
5.782.885 a method and a cardiac assist system for pac- 
ing a heart of a patient is described, in which sensed 
IEGM signal waveforms are classified in dependence of 
the workload of the patient, and the results of the clas- 
sification are used to control the pulse rate or stimulation 
interval of a pacemaker. It is also previously known to 
sense IEGM signals and classify the waveforms to use 
the results of this classification for identifying cardiac ar- 
rhythmias and subsequent suitable therapy, see e.g. US 
5.203,326. ERA2.0 465 241 and EP.A2,0 653 224. 
[0003] It is also previously known that the amplitude 
of the QRS complex of ordinary surface ecg:s is varying 
with the respiration of the patient, see e.g. US 
4,757,815. 

[0004] It has now been found that the waveform or 
morphology of IEGM:s is varying with the respiration of 
the patient, and the present invention is based on this 
discovery. 

Summary of the invention 

[0005] The purpose of the invention is consequently 
to propose a new technique for detecting the respiration 
of a patient and use the results for controlling an implant- 
able heart stimulator. 



[0006] This purpose is obtained by a heart stimulator 
of the kind defined in the introductory portion of the spec- 
ification and having the characterizing features of claim 
1. 

5 [0007] Thus the beat-to-beat variability in the IEGM 
signal morphology is utilised to extract respiration relat- 
ed parameters, while slow morphology variability ex- 
tending over several cardiac cycles and related to the 
workload is filtered away. The heart stimulator according 

10 to the invention is consequently based merely on IEGM 
signal processing for realizing an accurate respiration 
sensor, eliminating the need for mechanical sensor 
components. Furthermore the technique can be easily 
implemented in current devices. 

15 [0008] According to an advantageous embodiment. of 
a heart stimulator according to the invention, said clas- 
sifier means comprises a neural network clustering 
stored IEGM signals into a predetermined number of 
classes depending on their waveforms. By using a neu- 

20 ral network the classification technique used is self-or- 
ganizing and adaptive and can be. implemented in ex- 
isting devices. The neural network realises a self-organ- 
izing feature map, which can be trained to cluster the 
data into a predetermined number of classes. 

25 [0009] According to another advantageous embodi- 
ment of the stimulator according to the invention, said 
respiration related parameters are respiration rate and 
respiration depth. From these two parameters the 
minute ventilation can be determined and used for con- 

30 trolling the heart stimulator. 

[0010] According to still another embodiment of the 
heart stimulator according to the invention a. second fil- 
tering means is connected in parallel to said first filtering 
means to extract a parameter related to the workload 

35 for the patient from slow variability, extending over sev- 
eral cardiac cycles, in IEGM signal classification while 
filtering away beat-to-beat classification variability and 
in that said control'means is adapted to receive said 
workload related parameter to control the delivery of 

to stimulation pulses from said pulse generator depending 
on said parameter. In this way a workload and respira- 
tion dual sensor is obtained which can be used for the 
control of a heart stimulator. Such a dual sensor will thus 
extract two different control quantities, i.e. workload and 

45 respiration, from the IEGM signal. 

[0011] According to yet another advantageous em- 
bodiment of a heart stimulator according to the inven- 
tion, said first and said second filtering means comprise 
high pass and low pass filters respectively, in- this way 

50 respiration and workload parameters can be concur- 
rently extracted from fast, beat-to-beat variability of the 
classification of IEGM signals and slow variability, ex- 
tending over several cardiac cycles, of said classifica- 
tion respectively. 

55 

Brief description of the drawings 

[0012] The invention will now be explained in great 
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detail with reference to the accompanying drawings, on 
which: 

Figure 1 is a diagram showing 60 recordings of iEGM 
signals from 60 paced cardiac cycles. 

Figure 2 is a diagram showing on a larger scale a 
portion of the IEGM:s shown in figure 1 cor- 
responding to the ST-T segment of the or- 
dinary surface ecg, 

Figure 3 is a diagram showing the two end maps and 
the midpoint map obtained by applying a 
self-organizing feature map (SOFM) algo- 
rithm to the signals in figure 2, 

Figure 4 shows the time evolution of the classifica- 
tion output obtainedfromthe SOFM and the 
time evolution of the signal from a fast ther- 
mistor positioned in one nostril of a patient 
when recording the IEGM:s, 

Figure 5 s'a schematic block diagram of an embodi- 
ment of an implantable heart stimulator ac- 
cording to the invention. 

Figure 6 is a diagram illustrating principally the vari- 
ation in classification of IEGM:s recordedfor 
different workloads, and 

Figure 7 is a block-diagram showing the basic struc- 
ture of a respiration and workload dual sen- 
sor of the heart stimulator according to the 
invention. 

Description of preferred embodiments 

[0013] Figure 1 shows 60 IEGM:s recorded by a bipo- 
lar lead from a patient paced at a fixed heart rate of 70 
bpm. The lead was positioned in the ventricle and both 
sampling and stimulation was performed via the same 
lead in the same way as described in the above-men- 
tioned US 5,782,885. The patient was resting. 
[0014] During these measurements the temperature 
of the patients expiration air at one nostril was measured 
by a fast reacting thermistor to directly monitor the res- 
piration of the patient and get an estimate of both respi- 
ration rate and depth, cf. figure 4. 

[0015] A self-organizing feature map (SOFM) was ap- 
plied to a window of about 100 ms of the recorded IEGM 
substantially corresponding to the ST-T segment of cor- 
responding surface ecg:s. delimited by the vertical lines 
a and b in figure 1 and shown in a larger scale in figure 
2. The SOFM algorithm used in this example had 11 in- 
put nodes and 10 output nodes. Each input node corre- 
sponds to an amplitude sample in the ST-T segment, i. 
e. a sampling rate of 100 samples/s. The output nodes 
correspond to different morphological classification of 
the input signal, cf. also the technique described in the 
above-mentioned US 5,782,885. 

[0016] The SOFM algorithm converges to a low mean 
error that is a prerequisite for accurate map formation. 
In figure 3 the two end-maps and the midpoint map 
(curve B) obtained from the data of figure 2 are plotted, 



curve A and curve C being the respective end-maps. 
Figure 3 shows the existence of a valid topological re- 
lation between the morphology represented by the dif- 
ferent output nodes from the SOFM. 

5 [0017] When the recorded 60 lEGM:s were classified 
by the SFOM algorithm it was found that the classifica- 
tion varied with the number of the heart beat as shown 
in the trace c in figure 4. Trace d in figure 4 shows the 
corresponding curve obtained from the signals from a 

10 fast thermistor positioned in one nostril of the patient. 
From figure 4 it is obvious that traces c and d are corre- 
lated, i.e. the IEGM SOFM output is related to the res- 
piration. 

[0018] The respiration rate is directly deductible from 
15 figure 4. however, figure 4 also comprises information 
about respiration depth, see e.g. the trend indicated by 
the slanted line during the first 10 cardiac cycles. By 
forming the product of a number of zero-crossings and 
the average peak amplitude during a specified period of 
20 time of trace c in figure 4 a quantity is obtained which 
correspond to the minute ventilation. Thus with the 
present invention it is possible to obtain a quantity cor- 
responding to the minute ventilation for use in controlling 
the pulse generator. Of course obtained values of the 
25 respiration rate can be directly used in the control of the 
heart stimulator, if appropriate. 

[0019] By using a SOFM technique as described 
above the set-up of the sensor is obtained automatically 
and it wilt be adapted, i.e. it may track long-term altera- 

30 tions of the IEGM. The number of classes can be adapt- 
ed to measured data. If these data comprise a plurality 
of classes representing different phases of the respira- 
tory cycle, the SOFM may be trained to cluster the data 
into e.g. 20 classes, each class relating to a specific 

35 phase of the respiratory cycle. Subsequent unknown 
IEGM signals will then be classified into one of these 20 
classes. 

[0020] Since the morphology is changed somewhat 
when the stimulation rate is changed, a workload-stim- 

JO ulation rate matrix in analogy to what is disclosed in the 
above-mentioned US 5,782.885 is needed. Alternative- 
ly, a 2-dimensional feature map can be used. 
[0021] For the SOFM a neural network of the kind de- 
scribed in the mentioned US 5.782.885 is preferably 

<5 used for clustering IEGM signals into a predetermined 
number of classes based on morphological similarities. 
[0022] Figure 5 shows an embodiment of the implant- 
able heart stimulator according to the invention. Con- 
nected to the input terminals 1 and 2 of the unipolar or 

50 bipolar lead is a pulse generator 3. shown as a functional 
block. This block contains circuitry for generating the 
stimulation pulses. The block also contains circuitry for 
interfacing with the control unit 4. which is controlling 
the delivery of stimulation pulses from the pulse gener- 

55 ator. 

[0023] The heart stimulator also includes an IEGM 
amplifier 5 for amplification and filtering of the IEGM sig- 
nal. The amplifier 5 is connected to the input terminals 
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for receiving IEGM signals from connectable implanted 
leads and for amplifying IEGM signals. 
[0024] The signals from the amplifier 5 are supplied 
to a classifier 6. Its function is to classify the recorded 
lEGM:s into different morphological groups or classes. 
The classifying function can be implemented in several 
different ways both with regard to the underlying algo- 
rithms and the hardware used, cf. the above-mentioned 
US 5782.885. 

[0025] A memory means .1 3 is provided for storing sig- 
nal waveforms from a plurality of received IEGM signals 
and the classifier is adapted to classify a current IEGM 
signal by matching its waveform to one of said stored 
signal waveforms, by using e.g. pattern recognition al- 
gorithms. As explained above the classifier preferably 
comprises a neural network clustering stored IEGM sig- 
nals into predetermined number of classes depending 
of their waveforms. IEGM signals supplied to the neural 
network are then encoded and stored in said memory 
means 1 3 in encoded formed for subsequent classifica- 
tion use. 

[0026] The control unit 4 interprets the classification 
results from the classifier 6 and based thereon senses 
control signals to a control input 10 of the pulse gener- 
ator 3. 

[0027] Figure 6 illustrates qualitatively the variation of 
the classification obtained by the above described tech- 
nique as a function of time for different workload levels, 
viz. rest, 30 W and 50 W. As appears from this figure a 
changed workload results in a change of the IEGM clas- 
sification. On this siow, workload-depending variability 
of the classification a faster, beat-to-beat variability is 
superposed. This beat-to-beat variability is caused by 
the respiration as described above. These two kinds of 
IEGM classification variability make design of a respira- 
tion and workload dual sensor possible based exclu- 
sively on IEGM signal processing. 

[0028] Figure 7 shows the structure of such a dual 
sensor, which can be implemented in the heart stimula- 
tor according to the invention. Thus recorded IEGM:s 
are classified in a classifier 11 by using a SOFM algo- 
rithm, preferably in the form of a neural network. The 
output signal from the classifier 1 1 is supplied to a high 
pass filter 12 and a low pass filter 14 connected in par- 
allel. The high pass filter 1 2 is adapted to extract param- 
eters related to the patient's respiration from beat-to- 
beat variability in the iEGM classification while filtering 
away slow classification variability extending over sev- 
eral cardiac cycles, whereas the low pass filter 14 is 
adapted to extract the parameter related to workload for 
the patient from the slow variability, while filtering away 
beat-to-beat variability. The resulting respiration related 
and workload related parameters are respectively sup- 
plied to a signalfusion unit 16 which generates an output 
signal depending on the values of these supplied pa- 
rameters which output signal is used as a control signal 
for the pulse generator. 

[0029] The signal fusion unit 16 can be realised in 



many different ways, e.g. in analogy with known, so 
called MV-activity combined sensors. Such a sensor 
combines a minute volume (MV) sensor with a workload 
activity sensor. In this known sensors the minute volume 

5 is determined from measurements of the impedance 
across the patient's thorax by means of electric current 
pulses. Since the impedance varies during the respira- 
tion cycle the minute volume can be estimated in this 
way. As a workload sensor an accelerometer is used 

w which determines the movement of the patient's body. 
The minute volume signal and the workload signal are 
then combined, preferably by using so-called fuzzy logic 
means for controlling the stimulation rate of a pacemak- 
er. 

15 [0030] Above, the invention is described in connec- 
tion with a state of complete stimulation, i.e. each heart 
beat is a stimulated heart beat. The technique according 
to the invention can, however, also be used in a state of 
spontaneous heart activity of the patient. For patients 

20 suffering form e.g. chronotropic incompetence, i.e. the 
heart exhibits spontaneous activity but the heart rate is 
not increasing sufficiently in case of increasing workload 
of the patient, a heart stimulator according to the inven- 
tion could be an useful aid. 

25 

Claims 

1 . An implantable heart stimulator comprising a pulse 
30 generator (3) for delivering stimulation pulses to the 

heart of a patient, an IEGM means (5) for registering 
electric signals associated with the patient's heart, 
a classifier means (6.11 ) for classifying the received 
electric IEGM signals according to their waveforms 

35 in at least one segment of the cardiac cycle, and a 

control means (4) for controlling said pulse gener- 
ator depending on the classification of said IEGM 
signals, characterized in that a first filtering means 
(12) is provided to extract parameters related to the 

to patient's respiration from beat-to-beat variability in 

the IEGM signal classification while filtering away 
slow classification variability extending over several 
cardiac cycles, and in that said control means (4) 
is adapted to receive said respiration related pa- 

*5 rameters to control the delivery of stimulation puls- 

es from said pulse generator (3) depending on said 
parameters. 

2. The heart stimulator according to claim 1 , charac- 
50 terized in that a memory means (13) is provided 

for storing signal waveforms from a plurality of re- 
ceived IEGM signals. 

3 The heart stimulator according to claim 2. charac- 
55 terized in that said classifier means (11) is adapted 

to classify a current IEGM signal by matching its 
waveform to one of said stored signal waveforms. 
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4 Xhe heart stimulator according to claim 3, charac- 
terized in that said classifier means (6, 11) is 
adapted to use pattern recognition algorithms for 
the waveform matching. 

5 

5. The heart stimulator according to claim 2. charac- 
terized in that said classifier means (6, 11) com- 
prises a neural network clustering stored IEGM sig- 
nals into a predetermined number of classes de- 
pending on their waveforms. 10 



6. The heart stimulator according to any of the claims 
2 - 5, characterized in that said neural network is 
adapted to receive said plurality of IEGM signals 
and encode their respective waveforms and in that >5 
said memory means (13) is provided to store said 
IEGM signal waveforms in encoded form. 

7. The heart stimulator according to any of the preced- 
ing claims, characterized in that said classifier ?o 
means (6. 11) is adapted to classify IEGM signals 
according to their waveforms in signal segments 
corresponding to the ST interval of ordinary ecg:s. 

8. The heart stimulator according to claim 7, charac-. 25 
terized in that the length of said signal segment is 

of the order of 100 msec. 

9. The heart stimulator according to any of the claims 

1 - 6. characterized in that said classifier means 30 
(6,11 ) is adapted to classify IEGM signals according 
to their waveforms in signal segments correspond-, 
ing to the T-wave of ordinary ecg s. 

10. The heart stimulator according to any of the preced- 35 
ing claims, characterized in that said respiration 
related parameters are respiration rate and respira- 
tion depth. 

11. The heart stimulator accordingto any of the preced- -to 
ing claims, characterized in that a second filtering 
means (14) is connected in parallel to said first fil- 
tering means (12) to extract a parameter related to 

the workload for the patient from slow variability, ex- 
tending over several cardiac cycles, in IEGM signal ^5 
classification while filtering away beat-to-beat clas- 
sification variability, and in that said control means 
(4) is adapted to receive said workload related pa- 
rameter to control the delivery of stimulation pulses 
from said puise generator (3) depending on said pa- so 
rameter. 

12. The heart stimulator according to claim 1 1 . charac- 
terized in that said first and said second filtering 
means (12. 14) comprise high-pass and low-pass 55 
filters respectively 
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